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Abstract
Current searches for direct production of scalar top quarks, or stops, in supersymmetry focus on
their decays into bW+χ˜0 by way of tχ˜0 and bχ˜+. While the polarization of the top quark depends
on the stop mixing, the chargino turns out to be fully polarized when the bottom Yukawa coupling
can be neglected relative the top Yukawa coupling. We compute the energy and angular spectra of
the charged lepton in the chargino channel, which could serve as the spin-analyzer of the chargino.
In addition, we demonstrate the top polarization could have a significant impact on the selection
efficiencies in direct stop samples at the LHC, while the effect from the chargino polarization is
less pronounced. Two observables in the laboratory frame, the opening angle between the charged
lepton and the b quark and the energy of the b quark, are also proposed to optimize searches in
the chargino channel versus the top channel.
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I. INTRODUCTION
Supersymmetry is the most popular framework for addressing the stability of the elec-
troweak scale. Especially after the discovery of a Higgs boson on July 4th, 2012, the precise
mechanism for, or the lack thereof, stabilizing the mass of the Higgs boson has become one
of the most outstanding theoretical issues.
So far experimental searches for any new particles beyond the standard model have
returned null results. Direct search limits for various colored supersymmetric particles such
as the gluino and the first two generation scalar quarks, or squarks, have reached the TeV
regime at the end of the 7/8 TeV run at the LHC. The only exception is the third generation
squarks, which tend to decay to third generation quarks such as the tops and the bottoms
and, as a result, have much weaker direct search limits in the vicinity of 500 GeV.
Third generation squarks, in particular the stops, play a special role in cancelling the
quadratic divergences in the Higgs mass from the top quark. Absence of fine-tuning in the
Higgs mass requires the stops to be below 1 TeV and, as such, the LHC will be able to either
discover the stops or put strong constraints on so-called ”Natural Supersymmetry,” where
stops are below 1 TeV, by the end of the 14 TeV run. In other words, experimental searches
for light stops have become the litmus test for naturalness in supersymmetry.
At the LHC stops are being searched for in direct production samples pp → t˜1t˜∗1, which
subsequently decay through either the top channel or the chargino channel [1–4],
Top : t˜1 → tχ˜0 → (W+b)χ˜0 ,
Chargino : t˜1 → bχ˜+ → b(W+χ˜0) ,
both of which yield the same final states. However, it turned out that particular choices
of top/chargino polarizations were made in current searches. Moreover, ATLAS and CMS
made different choices of polarizations which would lead to different acceptance rates of the
possible signals [5]. On the other hand, current searches did not optimize between the top
and the chargino channels by utilizing the different decay kinematics, using instead the same
selection cuts for both.
Although the possibility of polarized tops in stop decays has long been studied in the
literature [6–13], the corresponding issue of chargino polarization seems to have received
little attention [5]. In this brief note we compute the energy and angular spectra of the
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charged lepton in the chargino decay channel of the stop. Much like the charged lepton
in the top decays could be used as the spin-analyzer of the top spin [14–16], the charged
lepton in the chargino channel could serve as the spin-analyzer of the chargino. In addition to
calculating the lepton spectra, we also study the impact of polarizations on several laboratory
frame observables, including those employed in selecting signal events in current searches.
Furthermore, two simple observables, the opening angle between the charged lepton and the
b quark and the energy of the b quark, are proposed to allow for possible separation of the
chargino channel from the top channel in stop decays.
This paper is organized as follows. In Section II we spell out the relevant parameters and
interaction vertices entering into the stop decays, while the lepton spectra and spin-analyzing
powers are presented in Section III. Then in Section IV we perform Monte Carlo studies to
study the impact of polarizations on kinematics in the laboratory frame, and propose two
simple observables to optimize searches in the chargino versus the top channels. In the last
section we conclude.
II. POLARIZED CHARGINOS AND TOPS
The stop mass-squared matrix in the MSSM in the flavor basis (t˜L, t˜R) is given by [17]
M2t˜ =
m2t˜L +m2t +DtL mtXt
mtXt m
2
t˜R
+m2t +D
t
R
 , (1)
where
DtL =
(
1
2
− 2
3
s2w
)
m2Z cos 2β, D
t
R =
2
3
s2wm
2
Z cos 2β, Xt = At −
µ
tan β
. (2)
In the above sw is the sine of Weinberg angle. The mass eigenstates t˜1 and t˜2 are obtained
from  t˜1
t˜2
 =
 cos θt sin θt
− sin θt cos θt
 t˜L
t˜R
 , (3)
sin 2θt =
2mtXt
m2
t˜1
−m2
t˜2
, (4)
cos 2θt =
m2
t˜L
+DtL −m2t˜R −DtR
m2
t˜1
−m2
t˜2
. (5)
where θt is the mixing angle between the flavor basis and mass eigenbasis.
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We would like to focus on the two channels most relevant for current stop searches [1, 2]:
t˜1 → tχ˜01 → (W+b)χ˜01 , t˜1 → bχ˜+1 → b(W+χ˜01) , (6)
which have identical final states. The relevant interactions in the MSSM lagrangian are [18]
Ltt˜χ˜0 = −t¯
[
ytNj4PL +
√
2
(
g
2
Nj2 +
g′
6
Nj1
)
PR
]
χ˜0j t˜L
+t¯
[
2
√
2g′
3
Nj1PL − ytNj4PR
]
χ˜0j t˜R (7)
Lbt˜χ˜± =
[−gVi1 t˜L + ytVi2 t˜R] (b¯ PR χ˜+ ci )+ yb U∗i2 t˜L (b¯ PL χ˜+ ci ) , (8)
LWχ˜+χ˜0 = gW−µ ¯˜χ0i γµ
[(−1√
2
Ni4V
∗
j2 +Ni2V
∗
j1
)
PL +
(
1√
2
N∗i3Uj2 +N
∗
i2Uj1
)
PR
]
χ˜+j (9)
where yt =
√
2mt/(v sin β) and yb =
√
2mb/(v cos β) are the top and bottom Yukawa cou-
plings. The neutralino and chargino mixing matrices Nij, Uij, and Vij are defined in the
Appendix A in Ref. [18].
The well-known argument for non-vanishing polarization of top quarks in stop decays is
evident in Eq. (7), as the top-stop-neutralino coupling is in general parity-asymmetric [6–8].
Moreover, since the top quark decays before it hadronizes, its polarization can potentially
be measured through the angular distribution of the decay products [14–16], which, in turn,
can be used to constrain the stop and neutralino mixing angles in the event of discovery.
An early proposal considered similar ideas to measure the stau and neutralino mixings using
polarized τ leptons coming out of stau decays [19].
Examining the bottom-stop-chargino coupling in Eq. (8), it is clear that charginos from
stop decays are also polarized in general. In particular, in the limit the b quark is massless,
yb = 0, the chargino is always in the left-handed helicity eigenstate in the rest frame of the
stop, with its spin pointing opposite to the direction of its motion, much like the b quark.
In this limit the chargino is fully polarized independent of the stop mixing parameters. The
effect of finite b quark mass, however, turns out to be enhanced by tan β because of the
relation
yb =
√
2mb
v cos β
=
√
2mb
v sin β
tan β ≈
√
2mb
v
tan β (10)
for tan β  1. Therefore yb becomes as large as yt when tan β . mt/mb even though
mb  mt. Similar to the top decays, the chargino polarization can in principle be mea-
sured through the angular distribution of its decay products. In this regard, since the
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W -chargino-neutralino interaction in Eq. (9) depends on both the chargino and neutralino
mixing matrices, the chargino channel can be used to probe a different set of mixing entires
from those probed by the top channel.
It will be convenient to re-write the relevant interactions in terms of effective couplings
in mass eigenstates. Since the top decay is fixed by weak interactions, in the top channel
there is only one relevant vertex [6, 8]
g
(t)
eff t¯
(
sin θ
(t)
eff PL + cos θ
(t)
eff PR
)
χ˜01 t˜1 , (11)
where
tan θ
(t)
eff =
ytNj4 cos θt − 2
√
2
3
g′Nj1 sin θt√
2
(
g
2
Nj2 +
g′
6
Nj1
)
cos θt + ytNj4 sin θt
. (12)
From the above equation we see that, if the lightest stop is mostly right-handed (left-
handed), t˜1 ≈ t˜R(t˜L), then sin θ(t)eff → 0 limit can be achieved if the neutralino is mostly a
wino/bino (Higgsino), while sin θ
(t)
eff → 1 is obtained for a Higgsino (wino/bino). Therefore
it is important to recognize that the top from the stop decays can carry either polarization
even if the stop is purely chiral, depending on the nature of the neutralino. In the chargino
channel the corresponding vertex is
g
(χ)
eff b¯
(
sin θ
(χ)
eff PL + cos θ
(χ)
eff PR
)
χ˜+ c1 t˜1 , (13)
where
tan θ
(χ)
eff =
ybU
∗
12 cos θt
−gV11 cos θt + ytV12 sin θt . (14)
Here we see that the chargino polarization is controlled by the left-handed component in
the stop. For t˜L the chargino is purely right-handed. On the other hand, the vertex for the
chargino decay is
g
(W )
eff W
−
µ
¯˜χ01γ
µ
(
sin θ
(W )
eff PL + cos θ
(W )
eff PR
)
χ˜+1 , (15)
where
tan θ
(W )
eff =
−N14V ∗12 +
√
2N12V
∗
11
N∗13U12 +
√
2N∗12U11
. (16)
In this case the effective mixing angle θ
(W )
eff is controlled by the relative components of wino
and Higgsino in the chargino as well as the nature of the neutralino. In particular, a polarized
W boson would occur only if there is cancellation in either the numerator or denominator
in Eq. (16).
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III. LEPTON SPECTRA IN STOP DECAYS
The differential spectra computed below in Sections III A and III B are, for the most
part, either known previously or similar to those of a polarized top decays with anomalous
Wtb couplings. They are computed here in order to set the context and double check
previous results. In particular, we present the matrix elements of the relevant processes
which might be useful should the experimental collaborations wish to re-weight their Monte
Carlo simulations in stop searches [20].
For a fermion with the spin vector sµ, the spin-projection operator is defined as
Sˆ = 1
2
(1 + γ5s/) (17)
such that
Sˆ us′(p) = δss′us(p) , u¯s(p)us(p) = Sˆ(/p+m) , (18)
Sˆ vs′(p) = δss′vs(p) , v¯s(p)vs(p) = Sˆ(/p−m) . (19)
We assume the chargino (top) in the stop decays is produced on-shell and compute the
lepton spectra in stop decays in two stages: t˜1 decays to χ˜
+
0 b (tχ˜
0
1) followed by the chargino
(top) decays.
A. t˜1 → χ˜+0 b (tχ˜01)
Given Eq. (13), the amplitude for t˜1 → χ˜+0 b is
iM = g(χ)eff
[
sin θ
(χ)
eff u¯(pb)PL Cu¯(pχ˜+)T + cos θ(χ)eff u¯(pb)PR Cu¯(pχ˜+)T
]
, (20)
where C is the charge-conjugation operator. Using the relation Cu¯(p)T = v(p), we have
|M|2 =
(
g
(χ)
eff
)2
Tr
[
(/pb +mb)(sin θ
(χ)
eff PL + cos θ
(χ)
eff PR)
× Sˆ(/pχ˜+ −mχ˜+)(sin θ(χ)eff PR + cos θ(χ)eff PL)
]
=
(
g
(χ)
eff
)2 (
pb · pχ˜+ −mbmχ˜+ sin 2θ(χ)eff −mχ˜+ cos 2θ(χ)eff pb · s
)
. (21)
Specializing to the rest frame of the chargino, we can write
|M|2 =
(
g
(χ)
eff
)2
mχ˜+
(
Eb −mb sin 2θ(χ)eff + cos 2θ(χ)eff |~pb||~s| cos θb
)
, (22)
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where cos θb ≡ pˆb · sˆ, and the energy and momentum of the b quark in the rest frame of the
chargino is
Eb =
1
2mχ˜+
(
m2t˜1 −m2χ˜+ −m2b
)
, (23)
|~pb| = 1
2mχ˜+
λ1/2(m2t˜1 ,m
2
χ˜+ ,m
2
b) , (24)
λ(x, y, z) ≡ x2 + y2 + z2 − 2xy − 2yz − 2xz . (25)
The sign in front of cos θb can be determined unambiguously by the following physical
argument: when sin θ
(χ)
eff = 0 the b quark coming out of the stop decay is always in the
left-handed helicity eigenstate according to Eq. (13), with the spin pointing opposite to
its direction of motion. Conservation of angular momentum then implies the spin of the
chargino to be in the same direction as the b quark momentum.
The amplitude for t˜1 → tχ˜01 is computed from Eq. (11) to be
|M|2 =
(
g
(t)
eff
)2 (
pχ0 · pt +mtmχ0 sin 2θ(t)eff −mt cos 2θ(t)eff pχ0 · s
)
=
(
g
(t)
eff
)2
mt
(
Eχ0 +mχ0 sin 2θ
(t)
eff + cos 2θ
(t)
eff |~pχ0||~s| cos θχ˜0
)
, (26)
The first line in Eq. (26) is the Lorentz invariant expression, while the second line is the
result in the rest frame of the top quark and agrees with the existing result in Ref. [8]. The
energy and momentum of the neutralino in the top rest frame are similar to Eqs. (23) and
(24) with the replacements mb → mχ˜0 and mχ˜+ → mt. The sign in front of cos θχ˜0 ≡ pˆχ˜0 · sˆ
can again be fixed as follows: in the mχ˜0 = 0 and sin θ
(t)
eff = 0 limit, the neutralino is always
in the left-handed helicity eigenstate. The top quark then has its spin pointing in the same
the direction as the motion of the neutralino.
B. χ˜+ →W+χ˜0 → (l+ν)χ˜0
Using Eq. (15), the amplitude-squared for the chargino decay can be written as
|M|2 =
(
g
(W )
eff
)2
(p2W −m2W )2 +m2WΓ2W
∑
r,r′=L,R
WµρT
µρ
rr′ , (27)
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where
W µρ = PµνPρσTr [γ
ν/plγ
σPL/pν ] , (28)
Pµν = −gµν + p
µ
Wp
ν
W
m2W
, (29)
T µρrr′ = crcr′Tr
[
γµPr Sˆ(/pχ˜+ +mχ˜+)γρPr′ (/pb +mb)
]
, r, r′ = L,R . (30)
In the above we have used the short-hand notation cL = sin θ
(W )
eff and cR = cos θ
(W )
eff . Then
the Lorentz-invariant expression is∑
r,r′=L,R
WµρT
µρ
rr′ = 8c
2
L (pl · p˜−χ˜+)(pν · pχ˜0) + 8c2R (pν · p˜+χ˜+)(pl · pχ˜0)
−4cLcRmχ˜0
[
p2Wmχ˜+ − 2(pl · s)(pν · pχ˜+) + 2(pl · pχ˜+)(s · pν)
]
, (31)
where
p˜±χ˜+ ≡ pχ˜+ ±mχ˜+s . (32)
Assuming an on-shell W boson and using the Narrow Width Approximation, we compute
the normalized doubly differential spectra in the chargino rest frame
1
Γ
dΓ
dEld cos θl
= 8m2χ˜+ElEν(c
2
L + c
2
R)− 4mχ˜+m2W
(
c2LEl + c
2
REν + cLcRmχ˜0
)
+4mχ˜+|~s| cos θl
[
cLEl(2cLmχ˜+Eν − cLm2W − 2cRmχ˜0Eν)
+cR
(
m2W
2El
− Eν
)(
2cRmχ˜0El − cRm2W − 2cLmχ˜0El
)]
, (33)
where cos θl = pˆl · sˆ and
Eν = EW − El = 1
2
(
mχ˜+ +
m2W −m2χ˜0
mχ˜+
)
− El . (34)
The doubly spectra agree with the similar expressions for a polarized top decay with anoma-
lous Wtb couplings in Ref. [16], after taking the limit mχ˜0 → 0.
Integrating over the charged-lepton energy, we arrive at the normalized leptonic angular
spectrum
1
Γ
dΓ
d cos θl
=
1
2
(
1 +
S2(mχ˜+ ,mχ˜0 ,mW )
S1(mχ˜+ ,mχ˜0 ,mW )
|~s| cos θl
)
, (35)
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where
S1(mχ˜+ ,mχ˜0 ,mW ) =
λ1/2(m2χ˜+ ,m
2
χ˜0 ,m
2
W )
2mχ˜+
{
−2mχ˜+mχ˜0m2W sin 2θ(W )eff
+
1
3
[
(m2χ˜+ −m2χ˜0)2 + (m2χ˜+ +m2χ˜0)m2W − 2m4W
]}
, (36)
S2(mχ˜+ ,mχ˜0 ,mW ) =
λ1/2(m2χ˜+ ,m
2
χ˜0 ,m
2
W )
2mχ˜+
{
4m2χ˜+m
2
W cos
2 θ
(W )
eff − 2mχ˜+mχ˜0m2W sin 2θ(W )eff
−1
3
[
(m2χ˜+ −m2χ˜0)2 + (m2χ˜+ +m2χ˜0)m2W − 2m4W
]
cos 2θ
(W )
eff
}
−2mχ˜+ cos2 θ(W )eff m4W log
[
m2χ˜+ +m
2
W −m2χ˜0 + λ1/2(m2χ˜+ ,m2χ˜0 ,m2W )
m2χ˜+ +m
2
W −m2χ˜0 − λ1/2(m2χ˜+ ,m2χ˜0 ,m2W )
]
. (37)
As a check, the case of top decays can be obtained from the limit cos θ
(W )
eff = 0, leading to
the S2/S1 = 1, which is the well-known result that the charged lepton in the top decays has
the maximal spin analyzing power. These results also agree with similar computations for
a polarized top decays with anomalous Wtb couplings in Ref. [21], which included the finite
mb effect.
C. Spin Analyzing Power
Using results from the previous two subsections, we arrive at the angular distributions
of the charged lepton coming out of the stop decays in the rest frames of the top and the
chargino:
1
Γ
dΓ
d cos θl
=
1
2
(1 + Pl cos θl) (38)
where
P(t)l =
|~pχ˜0 | cos 2θ(t)eff
Eχ˜0 +mχ˜0 sin 2θ
(t)
eff
, (39)
P(χ)l =
|~pb| cos 2θ(χ)eff
Eb −mb sin 2θ(χ)eff
× S2(mχ˜+ ,mχ˜0 ,mW )
S1(mχ˜+ ,mχ˜0 ,mW )
(40)
→ cos 2θ(χ)eff ×
S2(mχ˜+ ,mχ˜0 ,mW )
S1(mχ˜+ ,mχ˜0 ,mW )
for mb → 0 . (41)
In the above the energy and momentum of the b quark in the chargino channel and of the
neutralino in the top channel are both fixed, as shown in Eqs. (23) and (24). Moreover, θl
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FIG. 1: Spin analyzing power of the charged lepton from the decay t˜1 → tχ˜01 → (l+νb)χ˜01. P (t)l
becomes sensitive to only the effective mixing angle θ
(t)
eff when mt˜1  mχ˜01.
is defined as the angle between the charged lepton and the b quark (neutralino) in the rest
frames of the chargino (top).1
In Fig. 1 we plot the spin analyzing power of the charged lepton in the top channel P(t)l
as a function of the effective mixing angle θ
(t)
eff , for two different stop masses mt˜1 = 600 and
800 GeV and three different neutralino masses mχ˜01 = 100, 300, and 500 GeV. We see that,
in the limit mt˜1  mχ˜01 , P
(t)
l only depends on the effective mixing angle and is not sensitive
to masses of the particles involved. In this limit Eq. (39) becomes:
P(t)l → cos 2θ(t)eff , (42)
which is due to the fact that the neutralino becomes highly boosted and, as a result, behaves
like a massless particle: |~pχ˜0| ≈ Eχ˜0  mχ˜0 .
In Fig. 2 we plot the spin analyzing power of the charged lepton in the chargino channel
P(χ)l as a function of the effective mixing angle θ(W )eff . Effects of finite b quark mass is not
enhanced by tan β in the two-body decay kinematics of t˜1 → bχ˜+1 and thus can be safely
neglected.2 Then two observations can be made from Eq. (41): 1) P(χ)l becomes independent
1 We note that our definition of θl differs by pi from some previous studies on effects of top polarizations in
stop decays.
2 The tanβ enhanced b quark mass effect is fully captured in θ
(χ)
eff , as discussed in the paragraph containing
Eq. (10).
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FIG. 2: Spin analyzing power of the charged lepton from the decay t˜1 → bχ˜+1 → b(l+νχ˜01).
of the stop mass mt˜1 , and 2) P(χ)l ↔ −P(χ)l for θ(χ)eff ↔ pi/2− θ(χ)eff . Therefore we only showed
plots for θ
(χ)
eff = 0, which corresponds to a fully polarized chargino in the left-handed helicity
eigenstate in the rest frame of the chargino. As discussed previously, this is always the case
except in the large tan β ∼ mt/mb. The limit of a right-handed chargino can be obtained
by flipping the sign of the spin analyzing power. From Fig. 2 we see that, in general, the
spin analyzing power of the charged lepton is quite sensitive to both the chargino and the
neutralino masses, except when mχ˜+1  mχ˜01 .
IV. LAB FRAME OBSERVABLES AT THE LHC
In this section we use Monte Carlo simulations to study impacts of chargino and top
polarizations in direct stop searches at the LHC, as well as kinematic variables in the labo-
ratory (Lab) frame which would allow for discrimination between the top channel and the
chargino channel. We will use the following benchmark scenarios:
• TopL1: mt˜1 = 600 GeV, mχ˜01 = 100 GeV, and θ
(t)
eff = pi/2.
TopL2: mt˜1 = 800 GeV, mχ˜01 = 100 GeV, and θ
(t)
eff = pi/2.
• TopR1: mt˜1 = 600 GeV, mχ˜01 = 100 GeV, and θ
(t)
eff = 0.
TopR2: mt˜1 = 800 GeV, mχ˜01 = 100 GeV, and θ
(t)
eff = 0.
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• ChaL1: mt˜1 = 600 GeV, mχ˜+1 = 300 GeV, mχ˜01 = 100 GeV, θ
(χ)
eff = 0, and θ
(W )
eff = pi/2.
ChaL2: mt˜1 = 800 GeV, mχ˜+1 = 700 GeV, mχ˜
0
1
= 100 GeV, θ
(χ)
eff = 0, and θ
(W )
eff = pi/2.
• ChaR1: mt˜1 = 600 GeV, mχ˜+1 = 300 GeV, mχ˜01 = 100 GeV, θ
(χ)
eff = 0, and θ
(W )
eff = 0.
ChaR2: mt˜1 = 800 GeV, mχ˜+1 = 700 GeV, mχ˜
0
1
= 100 GeV, θ
(χ)
eff = 0, and θ
(W )
eff = 0.
We generate 20,000 parton level events using Madgraph 5 [22] for each of the benchmarks.
The simulations are validated by comparing the angular spectra of the charged lepton with
those in Eqs. (38) - (40). In particular, we focus on events where W+ decays leptonically
and W− decays hadronically so that the final states are
pp→ t˜1t˜∗1 → 2j + 2b+ l+ + /ET (43)
for both the top and the chargino channels. The cross-sections for stop pair production at
8 (13) TeV LHC range from 0.025 (0.17) pb for mt˜1 = 600 GeV to 0.0029 (0.028) pb for
mt˜1 = 800 GeV [23, 24]. The dominant background to the signal process comes from SM
top quark pair productions, when the both W bosons decay leptonically with one of the
leptons not identified, or one W decays hadronically and the other leptonically. Two key
observables to separate the dominant background from the signal are the missing transverse
energy and the transverse mass [25]. The missing transverse energy in the signal is all
coming from the neutrinos, which are almost massless, while that in the signal arises from
both neutrinos and the massive neutralinos. In addition, because the charged lepton in the
background comes from the W boson, its transverse mass is expected to exhibit a Jacobian
peak at mW , while the mT distribution from the signal can extend far above the W mass
[25]. Therefore in our simulation we adopt an aggressive cut on both the missing transverse
energy and the transverse mass to reduce the background, as summarized in Table II. These
cuts are similar to those adopted in the cut-based analyses from both ATLAS and CMS
[1, 2]. However, since our main interest is to study effects of polarizations on the acceptance
rates in experimental searches for direct stop production at the LHC, we would focus on
generating signal events only in the Monte Carlo study. A full simulation including the
background is obviously beyond the scope of the present work.
In Fig. 3 we plot, for the purpose of illustration, spectra of four kinematic variables used
in current searches for the benchmark scenarios with mt˜1 = 600 GeV. We then impose
kinematic cuts on the four kinematic variables, as summarized in Table I. The cut flows
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FIG. 3: Kinematic distributions of t˜1 → bl+νχ˜01 at the parton level, without any selections.
as well as the spin-analyzing powers for the charged leptons for each of the benchmark
scenarios are listed in Table II, from which we see that the polarization of the top quark
could potentially have a significant impact on the selection efficiencies in current searches
and the resulting limits on stop masses, while the impact of the chargino polarization seems
less significant. In particular, Cut 1 in Table I has the strongest dependence on the top
polarization. This dependence is mostly due to the pT spectrum of the charged lepton, as
can be seen from Fig. 3.
It should be noted that, in the current study, we do not include effects of the hadronization
of the quark in the final states as well as any detector resolutions on the energies, because the
main purpose here is to understand how polarizations could affect the kinematic variables
used in experimental selection cuts without introducing additional biases from hadronization
13
Cut 1 pT ≥ 30 GeV and |η| ≤ 2.4 for both the
charged lepton and the b quark
Cut 2 /ET ≥ 150 GeV and MT ≥ 120 GeV
TABLE I: Parton level cuts to study impacts of polarizations on kinematic variables.
√
s = 8 TeV TopL1 TopR1 TopL2 TopR2 ChaL1 ChaR1 ChaL2 ChaR2
Events 20,000 20,000 20,000 20,000 20,000 20,000 20,000 20,000
Cut 1 15,508 12,316 16,313 13,118 14,765 16,996 17,855 18,100
Cut 2 11,226 8,117 13,409 10,092 7,586 6,408 13,922 13,719
Pl −0.99 +0.99 −1.00 +1.00 +1.00 −0.22 +1.00 −0.85
TABLE II: Cut flows and spin analyzing powers of the charged lepton for the benchmark scenarios.
and detector resolution. In addition, we do not impose any cuts on the decay products of t˜∗1
since there is no correlation between decay products of t˜1 and t˜
∗
1. Our results suggest that
fully realistic simulations including effects of polarizations, especially in the top channel, is
warranted and deserve further scrutiny.
Next we consider two Lab frame observables which could differentiate between the
chargino channel from the top channel in stop decays. The two variables we consider are
1) θbl the opening angle between the charged lepton and the b quark and 2) Eb the en-
ergy of the b quark in the Lab frame. The results, after the selection cuts in Table I, are
shown in Figs. 4 and 5. In particular, since experimentally it is very difficult to measure the
charge of the b quark on an event-by-event basis, the plot for cos θbl takes into account the
combinatorial factor of not being able to distinguish the b quark from the b¯ quark.
In Fig. 4 we see that cos θbl from the top channel t˜1 → tχ˜0 → (W+b)χ˜0 is in general
much smaller than from the chargino channel t˜1 → bχ˜+ → b(W+χ˜0). The physics is simple
to understand: the charged lepton and the b quark both come from the top decays in the
top channel, and tend to move in the same direction because of the boost of the top quark.
This is to be contrasted with the chargino channel where the b quark originates from the
2-body decays of the stop. Moreover, in the rest frame of the chargino the direction of the
b quark is the natural axis of polarization for the chargino. We see from comparing the
14
!1.0 !0.5 0.0 0.5 1.00.0
0.1
0.2
0.3
0.4
cos Θbl
Co
un
ts
ChaR1
ChaL1
TopR1
TopL1
!1.0 !0.5 0.0 0.5 1.00.0
0.1
0.2
0.3
0.4
cos Θbl
Co
un
ts
ChaR2
ChaL2
TopR2
TopL2
FIG. 4: Cosine of θbl, the opening angle between the charged lepton and the b quark in the Lab frame.
Results shown here are after the selection cuts in Table I and take into account the combinatorial
factor of not being able to distinguish a b quark from a b¯ quark.
two benchmarks of ChaR1 and ChaR2 that the opening angle in the Lab frame does retain
some sensitivity to the polarization of the chargino. It is also worth noting that the major
irreducible background for the stop decays is the standard model tt¯ production, in which
case the b quark and the charged lepton are also from the top decays and tend to move in
the same direction, similar to the case of the top channel of stop decays.
Given that cos θbl retains sensitivity to the polarization of the chargino, in the event of
discovery one could define the forward-backward asymmetry:
A
(bl)
FB =
(∫ 1
0
− ∫ 0−1) d cos θbl dσd cos θbl(∫ 0
−1 +
∫ 1
0
)
d cos θbl
dσ
d cos θbl
(44)
to measure the polarization, and hence the mixing angles defined in Eqs. (13) – (16).
Following the same observation that the b quark in the top channel originates from the
top quark while that in the chargino channel comes from the stop decays, the kinematics
of the b quark could in principle help distinguish between those b’s that are from the stop
decays versus those from the top decays. In Fig. 5 we plot the energy distributions of the
b quark in the Lab frame for the benchmarks we consider. Notice that, unlike the angular
spectrum in θbl, there is no combinatorial factor due to not being able to tell the b from
the b¯, since both of them should have identical energy spectra. From Fig. 5 we see the
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FIG. 5: Energy distributions of the b quark in the Lab frame after the selection cuts in Table I.
Notice that there is no combinatorial factor in this case since the energy distributions are identical
for both b and b¯ quarks.
simulations bear out the intuition that the b quark kinematics behave differently in the top
and the chargino channels. In fact, the energy of the b quark from the top decays is peaked
not far from the fixed energy in the rest frame of the top quark, which is
m2t −m2W −m2b
2mt
≈ 70 GeV . (45)
It was shown in Ref. [26] that for unpolarized top quark decays, the peak in the energy
spectrum of the b quark is invariant under any boost and exactly as in Eq. (45). In our case,
the top quark is not completely unpolarized and one does see some dependence on the top
polarizations in Fig. 5. Nevertheless, it is worth pointing out that the top quark produced
in the standard model tt¯ production is unpolarized and the energy spectrum of the b quark
from this irreducible background would have a peak very close to the value predicted by
Eq. (45). For the b quark from the chargino decays, its kinematics is largely determined
by the stop decays and the peak in the energy distribution is again not far from the fixed
energy in the rest frame of the stops given by
m2
t˜1
−m2χ˜+ −m2b
2mt˜1
. (46)
Therefore in ChaL1/ChaR1 benchmarks the peak is at approximately 225 GeV while it
is at around 95 GeV for ChaL2/ChaR2, which seem to give pretty accurate locations of
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the maximum b energy in Fig. 5. Moreover, the shift in the peaks due to the chargino
polarization is much less than the corresponding shift due to the top polarization.
V. CONCLUSIONS
In this work we considered polarizations issues in stop decays in both the top and the
chargino channels. Energy and angular spectra of the charged lepton were presented and
the possibility of the charged lepton as the chargino spin-analyzer was studied.
We also performed parton-level Monte Carlo simulations to study impacts of polarizations
on kinematic variables in the laboratory frame at the LHC. We found that the selection
efficiencies in the top channel could be affected significantly by the polarization, while the
corresponding effect in the chargino channel is less significant. In addition, we proposed two
variables in the laboratory frame, cos θbl and Eb, to optimize the searches in the chargino
versus the top channels. Our results suggest simulations including full detect effects and
relevant backgrounds are warranted and should be undertaken.
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